M Said, V Ngo, J Hwang, DB Hom. Navigating telemedicine for facial trauma during the COVID‐19 pandemic. Laryngoscope Investigative Otolaryngology. 2020;5:649--656. 10.1002/lio2.428

Mena Said and Victoria Ngo are co‐first authors.

1. INTRODUCTION {#lio2428-sec-0006}
===============

With the rapid, worldwide spread of the 2019 novel coronavirus disease (COVID‐19) caused by SARS‐CoV‐2, practicing clinicians and health care workers at the front lines of essential care are impacted by concerns of exposure, infection, and the allocation of critical resources to patients in need. During this pandemic, personal protective equipment (PPE) can be in short supply, and the potential aerosolization of respiratory droplets from the upper aerodigestive tract have put otolaryngologists and other providers at higher risk for contracting COVID‐19 while examining patients or performing procedures.[^1^](#lio2428-bib-0001){ref-type="ref"}, [^2^](#lio2428-bib-0002){ref-type="ref"}, [^3^](#lio2428-bib-0003){ref-type="ref"}, [^4^](#lio2428-bib-0004){ref-type="ref"}, [^5^](#lio2428-bib-0005){ref-type="ref"} To maintain patient safety and limit viral transmission at all health care facilities, a tiered framework focused on maintaining critical care has been enacted while reducing nonemergent, elective medical services.

Facial trauma remains a significant morbidity of concern as patients continue to enter the emergency room from falls, assaults, or accidents.[^6^](#lio2428-bib-0006){ref-type="ref"}, [^7^](#lio2428-bib-0007){ref-type="ref"}, [^8^](#lio2428-bib-0008){ref-type="ref"} Evaluation of acute facial injuries requires considerable provider‐patient interaction as the thorough examination process guides successful treatment. Risk of cross infection increases during patient evaluations and head/neck surgeries, especially when clinicians come in close contact with the anatomical nasal and oral mucosa areas where the virus can thrive.[^6^](#lio2428-bib-0006){ref-type="ref"} Opportunities for technology‐based clinical evaluations are much needed.

Telemedicine, according to the Institute of Medicine (IOM), is the "use of electronic information and communications technologies to provide and support health care when distance separates participants."[^9^](#lio2428-bib-0009){ref-type="ref"} Often used interchangeably with the broader Medicare term, telehealth, telemedicine has the potential to improve communication in otolaryngology, save time, and aid in diagnosis.[^10^](#lio2428-bib-0010){ref-type="ref"} With the recent change in Centers for Medicare & Medicaid (CMS) reimbursements, and establishment of social distancing practices from shelter‐in‐place orders around the nation, telehealth visits and synchronous virtual services offered by health care institutions have ramped up significantly in a matter of weeks.[^4^](#lio2428-bib-0004){ref-type="ref"}, [^10^](#lio2428-bib-0010){ref-type="ref"}

Other than routine telephone follow‐up calls, few otolaryngologists utilized telemedicine in their practice 20 years ago.[^11^](#lio2428-bib-0011){ref-type="ref"} As technologies developed and internet access improved over the years, however, some physicians envisioned telemedicine\'s practical potential for facilitating medical care, such as implementing tele‐tools for consultation to the underserved, proctored surgery, treatment, education, and research.[^11^](#lio2428-bib-0011){ref-type="ref"}, [^12^](#lio2428-bib-0012){ref-type="ref"} Early adoption in telemedicine for otolaryngology began in rural areas alongside the improvement of otologic image quality.[^13^](#lio2428-bib-0013){ref-type="ref"}

Today, in light of this unprecedented time during the COVID‐19 pandemic, telemedicine has become more relevant to give patients the supportive care they need and at the same time reduce exposure risks to other patients and clinicians. With the increased adoption of telemedicine in otolaryngology practice and growing concern for subsequent "waves" of infection, we review the literature in regard to the applications of telemedicine in the evaluation of facial trauma.

2. METHODS {#lio2428-sec-0007}
==========

A systematic review was conducted in PubMed, Embase, and Web of Science using the search terms: "telemedicine," "telehealth," "remote monitoring," "virtual visit," "virtual consultation," "facial trauma," "facial," "facial injury," "face trauma," and "face injury." Supplementary [Appendix](#lio2428-supitem-0001){ref-type="supplementary-material"} A: Search Strings. The search was limited by dates between June 1, 1997 and April 30, 2020. This review followed the Preferred Reporting Items for Systematic Reviews and Meta‐Analyses (PRISMA) guidelines.[^14^](#lio2428-bib-0014){ref-type="ref"}

Titles, abstracts, and selected articles were independently assessed by three authors (M.S., J.H., and V.N.). The population of interest was patients who experienced facial trauma and received a clinical evaluation. We took into consideration all modalities of telemedicine or telehealth application, in addition to any medical tool that may potentially serve as a telemedicine application. We read original peer‐reviewed research studies on the population of interest. Included were randomized controlled trials (RCT), non‐RCTs, case‐control studies, cohort studies, cross‐sectional studies, case series, case reports, and qualitative research studies. We also added additional sources through reference review. Excluded were narrative reviews, articles without full‐text access, and non‐English language articles. We also excluded intervention studies that did not have a telemedicine approach. Disagreements and discrepancies between reviewers were discussed and resolved through consensus.

3. RESULTS {#lio2428-sec-0008}
==========

A total of 257 references were identified in the database search, of which 158 were considered eligible for inclusion based on the assessment of title and abstract. Upon full article review, 16 original peer reviewed research articles were selected for final inclusion (Figure [1](#lio2428-fig-0001){ref-type="fig"}).

![PRISMA flow diagram of systematic review](LIO2-5-649-g001){#lio2428-fig-0001}

Due to the heterogeneity in research methodology and populations studied, formal meta‐analysis was not conducted. Instead, we present a narrative synthesis of the results for the key domains of facial trauma evaluation using telemedicine. Table [1](#lio2428-tbl-0001){ref-type="table"} shows the distribution of included articles across different domains of telemedicine.

###### 

Distribution of included studies across different domains of telemedicine

  Domain                                 Study count[^a^](#lio2428-note-0002){ref-type="fn"}   References
  -------------------------------------- ----------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Function                                                                                     
  Functional trauma assessment           13                                                    Millesi et al. (1997), Jacobs et al. (2002), Pap et al. (2002), Moumoulidis et al. (2007), Walker et al. (2011), Hutchison et al. (2012), Farook et al. (2013), Van Dillen et al. (2013), Fonseca et al. (2016), Paik et al. (2017), Ambroise et al. (2019), Brucoli et al. (2019), Tan et al. (2019)
  Evaluation/diagnosis                                                                         
  Accuracy or concordance of diagnosis   5                                                     Jacobs et al. (2002), Pap et al. (2002), Moumoulidis et al. (2007), Paik et al. (2017), Tan et al. (2019)
  Teleradiology                          5                                                     Millesi et al. (1997), Jacobs et al. (2002), Chiao et al. (2005), Brucoli et al. (2019), Mitsuno et al. (2019)
  Traumatic facial skin injuries         3                                                     Walker et al. (2011), Van Dillen et al. (2013), Farook et al. (2013)
  Triage                                 5                                                     Hutchison et al. (2012), Farook et al. (2013), Fonseca et al. (2016), Ambroise et al. (2019), Brucoli et al. (2019)
  Referral                               5                                                     Pap et al. (2002), Hutchison et al. (2012), Farook et al. (2013), Paik et al. (2017), Ambroise et al. (2019)
  Facial trauma monitoring               2                                                     Chiao et al. (2005), Walker et al. (2011)
  Facial trauma treatment advice         3                                                     Millesi et al. (1997), Van Dillen et al. (2013), Mitsuno et al. (2019)
  Facial trauma follow‐up                                                                      
  Patient engagement                     2                                                     Moumoulidis et al. (2007), Walker et al. (2011)
  Telemedicine technology                                                                      
  Store‐and‐forward                      5                                                     Jacobs et al. (2002), Pap et al. (2002), Farook et al. (2013), Brucoli et al. (2019), Tan et al. (2019)
  Live interactive                       8                                                     Millesi et al. (1997), Jacobs et al. (2002), Chiao et al. (2005), Hutchison et al. (2012), Van Dillen et al. (2013), Fonseca et al. (2016), Ambroise et al. (2019), Mitsuno et al. (2019)
  Remote monitoring                      1                                                     Chiao et al. (2005)
  Mobile health application/device       7                                                     Jacobs et al. (2002), Chiao et al. (2005), Moumoulidis et al. (2007), Walker et al. (2011), Fonseca et al. (2016), Paik et al. (2017), Ambroise et al. (2019)

There may be overlap the studies for the different domains.

This review found telemedicine technologies functioning as facilitators to facial trauma assessment, monitoring, treatment, and/or follow‐up. The majority of articles (88%; 14/16) mentioned some form of assessment, which included using telemedicine tools to aid in diagnosis, triage, and referrals. Telemedicine technologies were described to be either store‐and‐forward, live interactive, remote monitoring, and/or mobile health application/device (Table [1](#lio2428-tbl-0001){ref-type="table"}).

3.1. Teleradiology {#lio2428-sec-0009}
------------------

Teleradiology was utilized in the evaluation of patients with facial trauma.[^15^](#lio2428-bib-0015){ref-type="ref"}, [^16^](#lio2428-bib-0016){ref-type="ref"}, [^17^](#lio2428-bib-0017){ref-type="ref"}, [^18^](#lio2428-bib-0018){ref-type="ref"}, [^19^](#lio2428-bib-0019){ref-type="ref"} Brucoli et al[^15^](#lio2428-bib-0015){ref-type="ref"} retrospectively investigated the efficacy of teleradiology in triaging 605 traumatic facial fractures in 467 patients treated across 6 peripheral hospitals and a central maxillofacial surgery center. A teleradiology system was used between emergency medicine physicians and maxillofacial surgeons to share radiographic and clinical information to determine indication for surgery. Patients were reassessed at the central referral center to confirm the telemedicine decisions. Preliminary indications were correct based on teleradiology for all (68 surgical candidates; 223 nonsurgical candidates). Out of 176 patients with "possible" surgical indications, 27 were offered surgery. Of note, the indication for surgical intervention for naso‐orbital‐ethmoid fractures was underestimated using teleradiology. Teleradiology allowed for accurate triaging of patients with orbitozygomatic maxillary complex, orbital wall, mandibular, maxillary, nasal, Le Fort, frontal sinus, and dentoalveolar fractures.[^15^](#lio2428-bib-0015){ref-type="ref"}

Jacobs et al.[^16^](#lio2428-bib-0016){ref-type="ref"} highlighted the value of image quality through a prospective study comparing radiographic findings, diagnosis, confidence of read, and assessment of image quality of 20 facial plain radiographs. These preselected, plain radiographs, with and without mandibular and zygomatic fractures, were presented to eight oral maxillofacial surgery (OMFS) and eight emergency medicine (EM) physicians to interpret. OMFS physicians using plain radiographs had the highest sensitivity (100%) and specificity (84%) for diagnosis of fractures, followed by the EM physicians using plain radiographs (90% sensitivity, 77% specificity, respectively), then OMFS with telemedicine images (86% sensitivity, 80% specificity, respectively). Rates of diagnosis were similar between OMFS utilizing telemedicine and EM physicians utilizing plain radiographs. Telemedicine images were associated with lower image quality ratings, lower sensitivity, and lower confidence of diagnosis. Although a powerful adjunctive tool for the diagnosis of facial fractures, teleradiology must be used in conjunction with clinical information and with a strong emphasis on image quality.[^16^](#lio2428-bib-0016){ref-type="ref"}

In a case report, Millesi et al.[^17^](#lio2428-bib-0017){ref-type="ref"} first described the use of real‐time teleradiology and telemedicine in the intraoperative setting. For a patient requiring repair of the zygomatico‐orbital, central midface, and comminuted maxillary fractures, the authors used the Virtual Patient System remotely. This real‐time fusion of radiologic, video, photographic, and 3D modeling data, guided position, symmetry, planning, and evaluation. Additional advantages of this technology mentioned in the article included education and training of surgeons.[^17^](#lio2428-bib-0017){ref-type="ref"}

Mitsuno et al.[^18^](#lio2428-bib-0018){ref-type="ref"} noted that telemedicine may have an expanding role in training and mentoring of surgeons treating facial trauma. Surgical models of the face were used in conjunction with shared real‐time video communication (Skype) and virtual surgical field marking through the head‐mounted, mixed reality device (Microsoft HoloLens). It was demonstrated that surgeons could have a resource to guide trainees through incisions, dissections, osteotomies, reductions, and suturing of facial models with complex facial fractures or cleft lip. This case series demonstration showed fast response with no voice delay and video latency of less than 0.5 seconds, with overall consistent image quality permitting landmark identification and comprehension of the surgical situation.

Telementoring shown with the Mitsuno et al.[^18^](#lio2428-bib-0018){ref-type="ref"} study, was also highlighted in the Chiao et al.[^19^](#lio2428-bib-0019){ref-type="ref"} case report describing a telemedicine demonstration where a comprehensive examination of the eye with ultrasound was conducted by minimally‐trained crew members in space using reference cards, and real‐time guidance from a remote radiologist. This remote guidance yielded ocular images of diagnostic quality that could guide remote decision‐making---suggesting possible applications in craniofacial trauma patients with a remote expert guiding a responder in image acquisition.[^19^](#lio2428-bib-0019){ref-type="ref"}

3.2. Traumatic facial skin injuries {#lio2428-sec-0010}
-----------------------------------

The evaluation of traumatic facial skin wounds was explored with telemedicine tools.[^20^](#lio2428-bib-0020){ref-type="ref"}, [^21^](#lio2428-bib-0021){ref-type="ref"}, [^22^](#lio2428-bib-0022){ref-type="ref"} Van Dillen et al.[^20^](#lio2428-bib-0020){ref-type="ref"} compared bedside videoconference evaluations with in‐person assessments of acute traumatic wounds of patients presenting in the emergency room (n = 173). They observed correlation coefficients of .96 and .85 for the primary outcomes of wound length and depth, respectively, and agreement on wound characteristics ranged from 84% to 100%.[^20^](#lio2428-bib-0020){ref-type="ref"} Management choices were concordant in 94% of cases. Video evaluations showed high sensitivities and specificities in determining wound severity and need for hospitalization. The findings in this study supported the use of mobile video conferencing in the work‐up and treatment of traumatic skin wounds.[^20^](#lio2428-bib-0020){ref-type="ref"}

In a retrospective single center study, Farook et al.[^21^](#lio2428-bib-0021){ref-type="ref"} compared the utility and efficacy of photographs via telemedicine in the evaluation of pediatric facial lacerations (n = 143). There was no significant difference in surgical intervention rates between the pediatric patients with facial lacerations in the telemedicine group and the control group. The most common site of injury was the lip. None of the patients who underwent conservative treatment in the telemedicine group required a second evaluation. Telemedicine photographs, together with clinical history, can be effective in managing children with facial lacerations.[^21^](#lio2428-bib-0021){ref-type="ref"} Walker et al.[^22^](#lio2428-bib-0022){ref-type="ref"} studied the feasibility of mobile phone pictures as a follow‐up tool to track the healing progress of facial laceration repairs (see patient engagement section).

3.3. Telemedicine via mobile device applications {#lio2428-sec-0011}
------------------------------------------------

The utility of specialized mobile device applications in the management of patients with facial trauma has been advocated to improve security of medical data, traceability of patient information sharing, improve communication between providers, and also facilitate epidemiological data collection.[^23^](#lio2428-bib-0023){ref-type="ref"}, [^24^](#lio2428-bib-0024){ref-type="ref"}, [^25^](#lio2428-bib-0025){ref-type="ref"} Paik et al.[^24^](#lio2428-bib-0024){ref-type="ref"} assessed a remote consulting software in the emergency department (n = 42). Software utilization demonstrated a 5‐fold quicker response time when compared to in‐person consultations. There was an overall congruence of treatment recommendation (90.5%) between in‐hospital and remote consultations compared to previous studies noting general agreement rates of 70% to 80% between physicians.[^24^](#lio2428-bib-0024){ref-type="ref"} The software offered an accurate and efficient consulting service for emergency department (ED) clinicians and a method for reducing ED wait time and improving patient satisfaction.[^24^](#lio2428-bib-0024){ref-type="ref"}

A prospective study by Fonseca et al.[^26^](#lio2428-bib-0026){ref-type="ref"} compared the independent evaluation of patients with traumatic facial injuries in the ED by an in‐person surgery team vs a remote telemedicine team using videoconferencing by smartphone and tablet (n = 50). There was substantial concordance of physical exam findings (*κ* = 0.720), and almost perfect concordance of facial CT scan findings (*κ* = 0.899) and treatment recommendations (*κ* = 0.891) as assessed by a standardized questionnaire. Telemedicine was shown to be feasible and accurate in the evaluation of facial trauma, with the potential to optimize triage, length of stay, transfers, and patient cost in part by extending the possible area covered by a single surgeon compared to face‐to‐face evaluations.[^26^](#lio2428-bib-0026){ref-type="ref"}

A repeated measures study by Tan et al.[^27^](#lio2428-bib-0027){ref-type="ref"} compared the reliability of telemedicine video evaluation of facial nerve paralysis (FNP) in 28 patients using the House‐Brackmann, Sydney, and Sunnybrook facial grading systems evaluated by 7 clinicians. All three scoring systems demonstrated strong reliability in both mediums, with weak reliability in assessment of synkinesis. The significant variation in agreement between the assessments done by video recording vs face to face evaluation may have been attributed to the 2D nature of the video recording. This study suggested that there is promise in utilizing video recordings for the assessment of FNP, but there is need for improvement and further testing using more real time images.[^27^](#lio2428-bib-0027){ref-type="ref"}

3.4. Follow up by activating patient engagement {#lio2428-sec-0012}
-----------------------------------------------

Two studies explored the potential for using telemedicine tools to engage the patient in participating in their own facial trauma evaluation and follow up.[^22^](#lio2428-bib-0022){ref-type="ref"}, [^28^](#lio2428-bib-0028){ref-type="ref"} Moumoulidis et al.[^28^](#lio2428-bib-0028){ref-type="ref"} conducted a prospective single center study (n = 25) to assess the use of mobile phone photographs in diagnosing nasal fractures. Patients were asked in a questionnaire to judge their own perceived nasal shape change. They were also asked to take photographs of their nose and face with a mobile phone, to be reviewed by a clinician, to determine the presence of a fracture and indication for surgery. The same clinician then conducted an in‐person clinical assessment to compare results. The camera assessment failed to identify 62% of nasal bone deviation cases determined by clinical examination. The patients\' self‐assessments were 100% sensitive whereas the image assessment had only a 38% sensitivity for detecting a deviated nose. It was determined that the use of photographs alone, without a telephone consultation or high resolution image, was considered unfeasible for diagnosis of nasal fractures.[^28^](#lio2428-bib-0028){ref-type="ref"}

The patients who refused to participate in the Moumoulidis et al.[^28^](#lio2428-bib-0028){ref-type="ref"} study cited reasons of feeling embarrassed and not wanting to have their picture taken. The participants of the Walker et al.[^22^](#lio2428-bib-0022){ref-type="ref"} cohort study (n = 50), on the other hand, all agreed to send mobile phone pictures of their facial lacerations to their clinician to show progress after repair in the emergency room, but none of the patients complied. Despite being reminded with a 6‐ and 12‐month automated call, and reporting high satisfaction with their scar at those time intervals, no patients sent follow‐up pictures---leaving the research team to suspect that some patients may be unable to use the mobile phone features despite owning a device, and some patients may perceive a lack of benefit from follow‐up because the scar revision healed as expected.[^22^](#lio2428-bib-0022){ref-type="ref"}

3.5. Practice patterns {#lio2428-sec-0013}
----------------------

Hutchinson et al.[^12^](#lio2428-bib-0012){ref-type="ref"} conducted a retrospective study assessing telemedicine practice patterns for the referral of facial trauma patients to a trauma center (n = 137). Only one patient underwent an interfacility telemedicine evaluation during this study. A third of the patients were discharged by the trauma clinic after one appointment, and 22.2% of patients failed to attend follow‐up appointments. Telemedicine resources were highly underutilized in their region, showing poor use of medical resources and diminished quality of care, particularly for the patients in rural locations with telehealth systems in place.[^12^](#lio2428-bib-0012){ref-type="ref"}

Medford‐Davis et al.[^29^](#lio2428-bib-0029){ref-type="ref"} advocated for the use of telemedicine consultation with sub‐specialists. The retrospective study analyzed ED‐to‐ED trauma transfers between two EDs in six states in the United States (n = 48 160). About 50% of 2088 of transferred patients with facial trauma were discharged without procedures. Additionally, in a multivariate analysis controlling for patient demographics and clinical characteristics, transferred patients with facial trauma were more likely to be discharged without procedures. An additional estimated \$2859 per patient is associated with transfer for trauma care, not including cost of interfacility transportation.[^29^](#lio2428-bib-0029){ref-type="ref"} Telemedicine may play a role in mitigating unnecessary health care spending.[^29^](#lio2428-bib-0029){ref-type="ref"} Furthermore, minimizing unnecessary ED‐to‐ED transfers may decrease cross contamination and disease transmission such as the COVID‐19.

4. DISCUSSION {#lio2428-sec-0014}
=============

The COVID‐19 pandemic has forced health care systems across the globe to quickly rise to the challenge to protect their patients, staff, and community. Otolaryngologists and other front‐line health workers are leveraging telemedicine and telehealth tools to support their efforts in this time of resource scarcity. Virtual care programs in almost all specialties are sprouting seemingly overnight in response to the demand from this and future widespread emergencies. New methods of health systems operation and care delivery have inevitably changed how health care providers plan, prepare, and practice while ensuring access and safety. In this time of uncertainty, where some have estimated that the virus may infect up to 60% of the population in the next year,[^30^](#lio2428-bib-0030){ref-type="ref"}, [^31^](#lio2428-bib-0031){ref-type="ref"} the growth of telemedicine offers a number of anticipated advantages for clinicians, which include workforce sustainability, decreased provider burnout, exposure control, reduction of PPE waste, and the ability to diagnose, treat, or monitor patients.

With facial trauma evaluations, the ability to quickly review imaging information helps clinicians locate fractures and identify soft tissue injuries that may compromise airway, vision, mastication, lacrimal and sinus function. For this study, we reviewed the literature in its current state describing the application of telemedicine in the evaluation and treatment of facial trauma. The majority of the research conducted in the past two decades associated with the evaluation of facial trauma and telemedicine has been focused on assessment. Face‐to‐face evaluation of facial trauma patients is invaluable. However in the setting of limited resources, telemedicine is a potentially useful tool for triaging patients with facial fractures to improve access to subspecialty care, reduce costs and save time for patients. Even more, telemedicine may be used in the COVID‐19 pandemic or during anticipated second waves to minimize the risk of virus transmission between providers and patients. Telemedicine appears to show promise for use in evaluation of facial trauma, including craniofacial fractures,[^15^](#lio2428-bib-0015){ref-type="ref"}, [^17^](#lio2428-bib-0017){ref-type="ref"}, [^28^](#lio2428-bib-0028){ref-type="ref"} facial cutaneous lacerations,[^21^](#lio2428-bib-0021){ref-type="ref"}, [^22^](#lio2428-bib-0022){ref-type="ref"} and operative planning.[^17^](#lio2428-bib-0017){ref-type="ref"}

The potential benefits of telemedicine includes possible facilitation of appropriate triage for facial trauma injuries, improvement in speed of care and time of consultation, continuity of care with follow‐up of patients, anticipated reduction in health care costs, and expansion of the geographic area covered by a single facial trauma surgeon. Expanded use of telemedicine for facial trauma, may reduce unnecessary exposure to patients and health care providers in the current COVID‐19 pandemic and in anticipated future waves. The continued improvement of telemedicine technology itself suggests continued expansion in the scope and level of care it can facilitate. Telemedicine must be used in conjunction with the patient history for the most effective assessment.[^21^](#lio2428-bib-0021){ref-type="ref"} For obvious reasons of any surgical subspecialty, a recognized barrier in the use of telemedicine is the accurate diagnostic and procedural aspects.[^32^](#lio2428-bib-0032){ref-type="ref"} Currently, the technology cannot fully replace in‐person physical examinations (ie, palpation, auscultation, touch and smell) in assessing patients, or substitute the in‐person patient‐physician communication.

Due to the severe consequences of postponing some facial trauma treatments, otolaryngologists, oral maxillofacial surgeons, and facial plastic surgeons are all taking special considerations regarding the triage protocol during this COVID‐19 pandemic, which includes being aware of indications, paying attention to timing, and taking precaution during evaluation.[^33^](#lio2428-bib-0033){ref-type="ref"} This systematic review highlights the gap in knowledge of telehealth‐supported facial trauma evaluation. Technological innovations have opened some opportunities for integration of telemedicine into practice, however, little is known about the potential benefits and detriments of these interventions. More evidence is needed to determine how clinicians may integrate telemedicine in ways that improve diagnosis, treatment, monitoring, and care. Although this systematic review suggests favorable outcomes for specific telehealth interventions, especially in consultation and remote monitoring, more studies should be designed to examine interventions for virtual visits to include the larger integration of telemedicine in head and neck surgery.

Future research directions include further exploring economic benefits of utilizing telemedicine to triage and transfer facial trauma patients appropriately to enhance resource allocation.[^29^](#lio2428-bib-0029){ref-type="ref"} More well‐designed studies are needed to assess the patient's comfort with and perception of telemedicine as well as each stakeholder's willingness to adopt to new technology and share information, particularly in regarding to follow up and utilization of patient provided images, since Walker et al.[^22^](#lio2428-bib-0022){ref-type="ref"} noted difficulties with patient compliance in this regard.

Current limitations with full adoption of telemedicine for facial trauma evaluation are the 2D video nature of the image and the variable lighting available on physical exam. Thus, evaluating for clinical evidence of septal hematoma, intraoral malocclusion, and facial contour asymmetries are difficult. In addition, since one cannot palpate the face, one cannot evaluate for facial fracture mobility and stability; differentiate between edema vs hematoma; and assess degree of tenderness. With the inability to smell during the physical exam, one cannot identify odors that would indicate an infection. However, by performing a telemedicine visit with good resolution CT scan images, the facial surgeon can usually quickly assess if surgery is acutely needed in many instances while discussing with the patient. While telemedicine may increase access to medical care, lack of access to the internet and telehealth devices limits the application of telemedicine in communities without such technology.

This study had limited high‐level evidence supporting the efficacy and concordance of telemedicine despite many lower level studies supporting it. The technology behind telemedicine itself has rapidly progressed in the last decade, meaning older studies utilize technologies with lower resolutions, possibly weakening concordance between in person and telemedicine assessments and allowing for more misdiagnoses. Although we retrieved articles from three databases (PubMed, Embase, and Web of Science), and believe that the important scientific literature on the topic of interest was covered, this systematic review includes only articles on patients afflicted by facial trauma. We recognize the limited data on the use of telemedicine approaches in other patient populations (with or without facial trauma) can be informative. However, we believe that facial trauma is a unique injury with its own physical and psychological characteristics that require a specific focus on this topic of interest for providers.

5. CONCLUSION {#lio2428-sec-0015}
=============

During the COVID‐19 pandemic, patients and health care providers alike will continue to face more safety and logistical obstacles during this time of uncertainty and limited clinical resources. Telemedicine in regards to facial injuries holds future potential for improved patient and provider safety, triage, speed of consultation, costs of care, follow‐up, and extended geographic access to care. One must also realize the current limitations of telemedicine in regards to sensitivity and specificity in evaluating facial trauma as discussed in this article. With expected future disruptions from anticipated second waves of COVID‐19, telemedicine will likely be a useful complementary tool in the clinical management of facial trauma.
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